severe distension, it is not unusual for people to ask them whether they are pregnant.
Techniques such as the gas infusion technique, abdominal inductance plethysmography, electromyography (EMG), and CT scanning, have allowed the pathophysiology to be more clearly understood.
Visible abdominal distension is more associated with constipation, 1 delayed gastrointestinal transit, 4 weak abdominal musculature, 5 probable changes in the gastrointestinal flora, 6 and an abnormal accommodation reflex. [7] [8] [9] [10] [11] [12] Bloating is more often associated with visceral hypersensitivity and a tendency to a loose bowel habit. 13 However, it is likely that none of these mechanisms are mutually exclusive and their relative contribution to the problem in any particular individual varies.
Azpiroz and colleagues have been studying the accommodation reflex for many years and have shown that in healthy people this reflex allows an individual to accommodate an increase in the volume of their abdominal contents without any appreciable change in abdominal girth. This is achieved by a degree of diaphragmatic relaxation in conjunction with an increase in tone of the anterior abdominal musculature. They have shown that this reflex may be reversed in patients with IBS accompanied by abdominal distension, so that an increase in abdominal volume results in contraction of the diaphragm coupled with relaxation of the anterior abdominal wall, [7] [8] [9] [10] [11] [12] leading to an increase in abdominal girth. Interestingly, they have also shown that this abnormality can be reversed by biofeedback which suggests that it might be a conditioned response rather than necessarily an alteration in reflex pathways. These observations were made using CT scanning or diaphragmatic electromyography in response to a colonic gas challenge and, therefore, the fact that the infusion of gas triggers this abnormal reflex, suggests that an increase in colonic volume might be one of the activators of this reaction. A similar mechanism might explain why distension is more common in patients with constipation and this hypothesis is supported by the observation that relieving constipation can lead to a reduction in abdominal distension. 6 We have developed a technique called abdominal inductance plethysmography (AIP) which allows the measurement of abdominal girth in an ambulatory fashion over a 24-hour period. The equipment consists of a soft, expandable belt containing a wire, the inductance of which changes with the shape of the abdomen and can be captured by a data logger for 30 seconds every minute and subsequently, transposed into a measurement accurate down to one millimetre. 14 During studies using abdominal inductance plethysmography, we have noticed that, in some individuals, distension seems to be exacerbated by a full bladder. This has led us to speculate that an increase in the volume of any abdominal viscus, especially the bladder in which large volume changes occur, might result in distension in a patient in whom the accommodation reflex is already abnormal, such as in IBS. This study was designed to test this hypothesis by establishing whether bladder filling has any effect on abdominal distension in patients with IBS compared with healthy controls.
| ME THODS

| Participants
Eight female patients with ROME III defined IBS 15 
| Procedure
If found to be suitable, all participants completed a questionnaire detailing any urological symptoms and the IBS patients had the severity of their condition assessed using the IBS symptom severity score (IBS SSS). 16 This instrument consists of five components which are each scored out of 100 giving a maximum total score of 500, with a score of less than 175 indicating mild IBS, 175-300 moderate IBS and greater than 300 severe IBS. All participants were fitted with the abdominal inductance plethysmography device, in order for them to become familiar with the equipment before starting the study on the following day. Participants were then asked to refrain from smoking, alcohol, caffeine, and any strenuous physical activity prior to participating in the study and those patients with IBS were also asked to discontinue any of their IBS medication. All participants were studied when they were in the middle of their menstrual cycle depending on the length of their cycle.
The following day, participants were asked to return to the unit the following morning without having had anything to eat or drink since midnight. All subjects were asked to empty their bladder on arrival and then sit in a comfortable chair for the duration of the study.
During this time they were asked to drink one and a half liters of
Key Points
• Abdominal distension is a major problem in IBS. It is triggered by a variety of factors but the effect of bladder filling has not been assessed.
• IBS patients became much more distended than the normal people in response to a bladder filled with a similar amount of urine. This suggests that their bladder might be over-sensitive and triggering this response.
• Abdominal distension is notoriously difficult to treat and advising frequent emptying of the bladder might help patients to control this symptom.
water over the course of the first hour and remain in the sitting position and refrain from emptying their bladder for as long as possible, during which time the abdominal girth was continuously recorded.
When they felt a strong need to empty their bladder, they were asked to fill in a further questionnaire recording any symptoms and their severity, scored on a zero to one hundred scale, and were then allowed to pass urine into a toilet that was equipped to collect their urine so that the volume could be recorded. The participant was then instructed to return to their seat and girth was measured for a further 30 minutes following emptying their bladder after which the study was terminated.
| Ethical statement
The study was approved by National Research Ethics Committee
North West-Greater Manchester South, REF: 12/NW/0667 and all participants gave informed consent. All patient data were anonymized and participants allocated a unique study number for the purposes of analysis.
| Power calculation
Based on previous research in our department, a difference in change of girth of 5 centimeters between IBS patients and controls was regarded as meaningful.
Sample size calculation: With seven subjects in each group the study would have 80% power to detect a difference of 4.5 cm or more in the change in distension between a patient and control group (using a simple t-test with an estimated common standard deviation of 2.5, derived from a previous study, with the conventional 5% significance level).
| Statistical analysis
Age, body mass index (BMI), and girth measurements were compared between the two groups using the simple two tailed ttest. Frequency and severity of symptoms were compared with
Fisher's Exact test and the Mann-Whitney U-test, respectively.
The conventional two-sided 5% significance level was used throughout.
| RE SULTS
All patients with IBS met the ROME III criteria. Figure 2 shows the output from the belt in a healthy control. As can be seen, in both subjects girth increases with time but the curve is much steeper with bladder filling and declines more sharply after bladder emptying in the IBS patient. Table 3 shows the mean changes in girth for all the IBS patients and controls following the consumption of 1.5 liters of water. When the bladder was full, the mean girth measurement in IBS patients increased by 6.4 cm compared with only 3.5 cm in controls, which is a highly significant difference (P = 0.006). When the bladder was emptied, girth measurement 190-1250 vs 671 (286) mls, range: 225-1000, (P = 0.50). Figure 3 is a graphical representation of the mean change in girth measurement from baseline in all patients and controls. 
| D ISCUSS I ON
The results of this study show that in patients with IBS and healthy controls, filling of the bladder with similar volumes of urine leads to a substantial increase in abdominal girth in patients with IBS but not in healthy controls. Furthermore, the fact that a relatively small number of patients were required to detect a significant effect indicates that the differences were clear-cut and unequivocal. This observation supports the hypothesis that, on the assumption that the accommodation reflex is disordered in some individuals with IBS, an increase in the volume of any abdominal viscus might result in a similar reaction.
Obviously, the bladder is the intra-abdominal organ which undergoes the widest range of volume changes and it is, therefore, likely to have the greatest effect. There is already evidence that the colon is involved in this reflex and our data would support the notion that similarly, changes in the volume of the small bowel and stomach might also be important. Indeed, a response to an increase in volume of the stomach in a patient with IBS could explain why so many patients with this condition complain of an almost instantaneous increase of girth within minutes of starting a meal or even just 
17,18
It would be useful to understand what leads to a disturbance of the accommodation reflex in the first place and whether it is a conditioned response or an alteration of reflex pathways. Furthermore, once initiated how do changes in intra-abdominal volume mediate this effect? The most likely explanations are either as a result of pressure changes within the viscus or in response to stretching of the mucosa or serosa. Visceral hypersensitivity is one of the most common physiological abnormalities described in patients with IBS and it is tempting to attribute a role to this phenomenon in the pathogenesis of distension. However, this abnormality seems to be more common in patients with bloating in the absence of distension, 13 although this is not a clear-cut difference and there is some overlap.
Whatever mechanisms are involved, a clearer understanding would be useful because bloating and distension are notoriously difficult symptoms to treat and better management strategies are needed.
Patients with IBS frequently complain of bladder symptoms suggestive of an irritable bladder and are certainly over-represented in urology clinics. 19 In addition, urodynamic studies in IBS patients have shown that approximately 50% have a demonstrable abnormality. 20 In the current study we have again confirmed that IBS patients have a propensity to have symptoms suggestive of an irritable bladder (Table 2) . Furthermore, when their bladders were full, IBS patients also complained of more symptoms (Table 4) . However, we did not observe any differences in the volume of urine passed between patients and healthy controls, which suggests that the observed differences in the change in abdominal girth with bladder filling were not related to the amount of urine in the bladder. To investigate this further, it would have been interesting to establish whether there was a relationship between any urodynamic abnormality and the observed distension response. However, it was felt that the incorporation of urodynamic investigation was not ethically justified in this study, when it was not even known whether there would be a distension response to bladder filling.
With respect to the treatment of distension associated with a disordered accommodation reflex, it is possible that, as with anismus, biofeedback might have therapeutic potential and this has been confirmed by the Barcelona group. 21 In addition, some lifestyle approaches may be worthy of consideration. For instance, patients with constipation should be encouraged to keep their bowel as empty as possible and this may even be worth considering when the constipation is relatively mild. Furthermore, as gas insufflation studies have been shown to have an effect, dietary manipulation aimed at reducing fermentation should also be advised. With regard to any possible effect from small bowel or gastric filling, it would be of interest to know whether slowing the speed of fluid or food intake might have an ameliorating effect.
Lastly, in the light of our findings, it would seem reasonable to recommend that patients with abdominal distension should be advised to keep their bladders as empty as possible, especially as it appears that distension starts to be triggered by even mild bladder filling (Figures 1 and 3) . Consequently, we now recommend that patients with troublesome distension try to pass urine on a reasonably regular basis. In addition, in the design and conduct of any future clinical studies or trials on abdominal distension, the possible confounding effects of bladder filling need to be taken into consideration.
In conclusion, the mechanisms leading to the enigmatic symptom of abdominal distension are gradually being unraveled, but we still do not have all the answers. 
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